Purpose The study evaluated dried manures and manure ashes as alternative products from animal manures, and determined the dynamics of soil nitrogen availability indices and organic carbon release in some soils amended with dried manures and ashes under laboratory incubation, screen-house and field experiments. Methods Cattle, goat and poultry manures were collected and air dried to produce dried manures after which part of the dried manures were burnt in open space at a temperature range of 320-450 °C to produce manure ashes. Treatments which were no amendment (control), dried manures of cattle, goat and poultry manure ashes of cattle, goat and poultry and NPK 15-15-15 at 120 kg N ha −1 were applied to soil. Samples were taken fortnightly after amendment incorporation in the incubation experiment; in screen-house experiment and field experiments, plant seeds were established after amendment incorporation; thereafter, soil samples were taken fortnightly. Soil samples were analyzed for soil organic carbon (SOC), NH 4 + -N and NO 3 − -N using a spectrophotometer. Results Incineration of manures increased pH, exchangeable cations and carbon, while nitrogen in manures ashes was comparable to nitrogen in dried manures. The application of manure ash increased SOC, NH 4 + -N and NO 3 − -N by 182, 102, 128% in incubation experiment while 64 and 628% increase in SOC and NH 4 + -N was recorded in screen-house experiment, respectively, relative to the control. In the field experiment, a significant increase in NO 3 − -N was recorded at the onset of incorporation; nitrification was more pronounced than ammonification under incubation and field conditions. Conclusion Dried manures are not superior to manure ashes and incorporation of manures ashes increased the SOC, NH 4 + -N and NO 3 − -N though changes with increasing weeks were erratic.
Introduction
There is recent interest in the use of agricultural wastes by dominant resource poor farmers in sub-Saharan Africa. Farm wastes such as crop residues and animal excreta are used directly or composted (Ayeni and Adeleye 2008) for cop production. Incorporation of organic matter through farmyard manure has been shown to improve soil structure, water retention capacity, infiltration rate, hydraulic conductivity and decrease bulk density (Edmeades 2003) . Organic manures have also been reported to enhance nutrient use efficiency and reduce the need for chemical fertilizers, to improve the soil fertility and soil health (Hao et al. 2008) . More recently, Law-Ogbomo et al. (2011) recorded improved nitrogen, phosphorus, potassium, calcium, and organic carbon status of the soil treated with poultry manure.
3
Soil organic carbon (SOC) refers only to the carbon component of organic compounds; it includes the microbial biomass and slow and passive humus pools, but not residue or litter (Griffin et al. 2013) . Soil organic matter is closely related to soil carbon and the product of its decomposition is humus. Humus is a major determinant of soil cation exchange capacity, particularly in weathered soils of sub-Saharan Africa. Nitrogen is a major soil nutrient and closely related to soil carbon; it is a determinant nutrient for plant growth (Hossain et al. 2007) . Soil nitrogen forms depend primarily on the processes of immobilization and organic matter mineralization and its supply through animal manures is transformed by microbial activity from organic nitrogen to ammonium and further on to nitrate by nitrification during mineralization. The turnover of manure N in the soil, mineralization-immobilization process and subsequent N availability for plant growth are all influenced by manure composition (Chadwick et al. 2000) .
Hence, in order to predict the net mineralization of nitrogen in animal manures, transformation of nitrogen from organic into inorganic form and immobilization processes need to be understood (Saka et al. 2017 ) since these processes are mediated through microbial activities and could be biochemical (Vel and Swarnam 2013) .
Animal wastes are abundant all over the world with Nigeria producing about 227,500 tons of fresh waste each day (Oyeleke et al. 2003) . Due to the large amount of the wastes being produced, they are increasingly being regarded as an industrial waste that needs to be managed in an environmentally sound manner since they cannot be continuously applied to land because the volume of its generation exceeds usage (Ksawery et al. 2012) . The incineration of animal manure is an option to effectively reduce the volume, concentrate fertilizer nutrients and remove offensive odor, though some nitrogen might also be lost to volatilization (Yusiharni et al. 2007) . The difficulty in the prediction of manure nutrients to plants is due to turnover processes and microbial mediated changes in nutrient dynamics of the manures (Azeez and Van Averbeke 2010) . Hence, a more predictable trend could be gotten when the manure is ashed and its contents changed to a product more inorganic. Therefore, incorporation of animal manures and their ashes as timely to supply carbon and nitrogen without posing any injury to soil and plants is very important in soil nutrients replenishment to support crop production; this necessitated the research to 1. Characterize dried manures and their ashes. 2. Evaluate the effect of dried manures and ashes on organic carbon, ammonium nitrogen and nitrate nitrogen in some soils of Abeokuta under incubation (laboratory), screen-house and field conditions. 3. Determine the dynamics of soil nitrate, ammonium and organic carbon from different animal manures and their ashes in incubation (laboratory), screen-house and field conditions.
Materials and methods

Soil collection and analysis
The top soil samples (0-20 cm) were collected from four locations in Ogun state in a forest-savanna transitional ecological zone. Samples from Alabata and Osiele are classified as Arenic Paleudalf (Adetunji 1991 ) from basement complex while samples from Itori and Papalanto are Oxic Tropodaulf from sedimentary parent materials. The soils were air dried to constant weight at room temperature (23-27 °C) and sieved with 2 mm mesh sieve. Sub-samples from the soils were collected and analyzed for the following properties: Soil pH was estimated in 1:2 (soil:water) using glass electrode pH meter (Orion research model 201) and electrical conductivity was estimated in 1:5 (soil:water) with an EC 215 conductivity meter (Hanna instrument) according to Kaira and Maynard (1991) . Particle size was determined by hydrometer method (Bouyoucos 1965) . Total nitrogen was analyzed using Kjeldahl method. Organic carbon was determined colorimetrically according to Baker (1976) . Exchangeable cations were extracted with 1 N ammonium acetate; Na and K in the extract were determined by flame photometry, while Ca and Mg were determined by atomic absorption spectrophotometer. Ammonium nitrogen and nitrate nitrogen were determined spectrophotometrically (UV-3200 PCS spectrophotometer) according to Cataldo et al. (1975) .
Manure collection and analysis
Cattle, goat and poultry manures were collected from the Federal University of Agriculture, Alabata (FUNAAB) farm and air dried to produce dried manures, while part of the dried manures was burnt in open space at a temperature range of 320-450 °C to produce manure ash. Dried manures were homogenized with a hammer mill after which pH, exchangeable bases, total nitrogen and total organic carbon were determined according to Cataldo et al. (1975) .
Experimental design
Incubation and screen-house experiments were laid out in completely randomized design while the field experiment was laid out in randomized complete block design. The experiments were replicated thrice with eight treatments which included no amendment (control), dried cattle manure (DCM), dried goat manure (DGM), dried poultry manure (DPM), cattle manure ash (CMA), goat manure ash (GMA), poultry manure ash (PMA) and NPK 15-15-15 applied at120 kg N ha −1 .
Laboratory incubation
The photograph of the laboratory incubation is given in Fig. 1 . One hundred grams of air-dried soil (collected from the four locations-Alabata, Osiele, Itori and Papalanto) which had passed through 2 mm sieve was dispensed into 200 g capacity plastic and tightly covered. Dried manure, their ashes and NPK were applied at a rate of 120 kg N ha −1 separately into each plastic and mixed. The rate applied is equivalent to 0.04 g NPK, 2.06 g CMA, 1.99 g GMA, 2.23 g PMA, 1.68 g DCM, 1.58 g DGM and 1.49 g DPM. The soil and amendment mixture were watered to field capacity and kept in a dark cupboard for 8 weeks. Occasionally, the moisture content was adjusted to field capacity by adding distilled water. Temperature of the incubation cupboard was determined daily with a thermometer and average temperature of 27.5 °C was recorded. Soil samples were taken at 0, 2, 4, 6, 8 weeks of incubation and analyzed for ammonium nitrogen, nitrate nitrogen and organic carbon content according to method described earlier.
Screen-house experiment
This was a two cycle experiment in a screen-house (made of mesh). In the first cycle, five kilograms of soil from two locations (Alabata and Papalanto) was dispensed into pots with treatment applied as mentioned earlier. The rate applied is equivalent to 1.79 g NPK, 103.00 g CMA, 99.25 g GMA, 116.50 g PMA, 83.75 g DCM, 78.80 g DGM and 74.40 g DPM. The soil samples in the pots were watered to field capacity and three seeds of maize (BR-9928-DMR-SR-Y) were sown per pot. The plants were thinned to one plant per pot after 2 weeks. The plants were watered when necessary and monitored in the screen-house for 8 weeks. Soil samples were also taken at 0, 2, 4, 6 and 7 weeks after planting. Soil samples were taken from the pots by collecting samples round the plant root at 0-15 cm depth with the aid of a calibrated spoon, after which samples were bulked to become a representative sample from each pot. Collected soil samples were analyzed for ammonium nitrogen, nitrate nitrogen and organic carbon. This process was repeated in the second maize cycle but soil samples were only collected at 0, 4 and 6 weeks after planting. 
Field experiment
Statistical analysis
Data collected were analyzed for their variance by using the software package SAS (1999). Significant treatments were separated using LSD at 5% level of probability.
Results
Soil characteristics
Characterizations of experimental soils are shown in GMA and 75.5, 63.0, 55.5, 58 .4 cmol kg −1 for PMA. There was no significant difference in values of total organic carbon (TOC) of dried manures and manures ashes except in poultry manure ash TOC was 33% lower compared with its dried manure. Dried poultry manure had the highest total nitrogen followed by dried goat manure and dried cattle manure. Total organic carbon was in the order of GMA > D GM > CMA > DPM > DCM > PMA. Table 2 shows that during incubation experiment, no significant differences were observed among dried manures and manure ashes in soil from Alabata at 0 weeks after incorporation (0 WAI), though soil organic carbon (SOC) increased with the application of manure ashes and dried manures except in dried cattle manure relative to the control. At 2 WAI, application of NPK produced significantly higher SOC (182%) than the control and manure amendments. However, the effect of the amendments was not significant at 0 and 4 WAI in soil collected from Osiele. Effect of manure ashes on the SOC did not differ significantly from their dried manures during the period of observation, although SOC was numerically higher with the application of manure ashes in comparison to their dried manures at 2 WAI in soil collected from Osiele. Soil from Itori amended with DCM had the highest SOC of 112.5 g kg −1
Effect of amendments on soil organic carbon (SOC)
, which was significantly higher than other amendments and the control (Table 3) .
In the first cycle of the screen-house experiment (Table 4) , soil from Alabata released significantly higher SOC when applied with DGM. However, control, GMA and DPM had similar effect while DCM, PMA and NPK did not differ from one another. Manure ashes with the exception of PMA differed from their dried manures and a significant increase of 23% and decrease of 29% were recorded in CMA and GMA, respectively, relative to their dried manures at 0 WAI. However, the effect of the amendment was not noticeable in the second cycle of the experiment because no significant difference was observed in amended soil relative to control soil. In Papalanto, the value of SOC in control soil did not differ from amended soils at 0 and 4 WAI in the 1st cycle of screen-house experiment. More organic carbon was released from manure ashes when compared with their dried manures at 0 WAI, while dried manure increased SOC than manure ashes at 4 WAI. Application of PMA significantly increased SOC at 2 and 8 WAI.
Dynamics of soil organic carbon
The amount of SOC released had an inconsistent pattern with increasing weeks for amendment and control (Tables 2,  3 , 4 and 5); when high organic carbon is released at a particular week, there is a reduction in release at the succeeding week. With the application of DCM, the highest and the lowest amount of SOC were released at 4 and 6 WAI, respectively, in the soil from Alabata during incubation experiment (Table 2 ). SOC decreased significantly by 42% at 4 WAI and increased again at 60% at 8 WAI. Similar trend was observed in soil from Osiele. In soil from Itori (Table 3) , the Table 2 shows that with the application of CMA, soil from Alabata did not differ in the amount of organic carbon content released during the period of observation. The highest and the lowest values were recorded at 0 and 6 WAI, respectively, during incubation. Similar response was observed in soil from Osiele only that a significant reduction of 52% was observed at 6 WAI relative to 0 WAI.
During incubation, responses observed with the application of DGM in soil from Alabata and Osiele were similar to that observed when DCM was applied (Table 2) . On the other hand, application of DGM to soil from Itori resulted in optimal release of SOC at 4 WAI, though changes in SOC with increasing weeks were not significant in soil from Itori and Papalanto (Table 3 ). In soil from Papalanto (Table 4) , changes in the amount of SOC released with increasing weeks were not significant in the first cycle of the screen-house experiment but it reduced significantly with increasing weeks in both soils during the second cycle. The application of GMA to soil from Alabata (Table 2) significantly increased SOC by 98% at 8 WAI in comparison to 6 WAI. In soil from Osiele, SOC decreased significantly after 4 WAI by 39% and it increased again by 48% after 6 WAI. Organic carbon of soil from Itori (Table 3) significantly increased after 0 WAI by 70% and, thereafter, there was continuous reduction between 2 WAI and 6 WAI, leading to a significant reduction was observed at 6 WAI. However, a decrease in SOC with increasing weeks was observed in soil from Papalanto in the first cycle while SOC decreased with increasing weeks in soil from Alabata and vice versa in soil with Papalanto in the second cycle. A decrease with increasing weeks was observed until 6 WAI after which SOC increased during the field experiment (Table 5) .
With the application of DPM, SOC decreased with increasing weeks up to the 6 WAI after which a significant increase was observed in soil from Alabata (Table 2) . However, in the second cycle of the screen-house experiment, changes in SOC were erratic but significant. Significantly, higher SOC was recorded at 0 WAI when compared to succeeding weeks in field experiment. Values of SOC after 0 WAI did not change with increasing weeks.
In Table 2 , the amount of organic carbon released in soil from Alabata and Osiele at weeks prior 6 WAI did not differ with the incorporation of PMA. SOC decreased significantly at 6 WAI and increased at 8 WAI by 32 and 32%, respectively, in the soil from Alabata. During screen-house experiment, SOC significantly increased with increasing weeks up to 4 WAI after which a significant decrease was noted at 4 WAI in both soils. In the second cycle of the experiment, SOC changes in soil were significant but not predictable. Changes observed during field experiment (Table 5) were similar to that observed in screen-house experiment.
Effect of amendment on soil ammonium nitrogen
This study confirms that in the incubation study, NH 4 + -N did not significantly differ as a result of dried manures and manure ashes addition to soil, though increases were noted in Figs. 2 and 3. In Fig. 2 , at 0 WAI, NH 4 + -N content of soil from Alabata was highest with the application of PMA (40% increase) when compared with DCM. The effect of the manure and ash amendment was not significant; however, at 2-8 WAI, ammonium values in the amended soils did not significantly differ from the control soil. Ammonification process in soils amended with dried manures was lower relative to soils amended with manure ashes at 6 and 8 WAI. The conversion of organic nitrogen to ammonium nitrogen was greatly enhanced with application of PMA by 24% above the control soil at 0 WAI in soil from Osiele. During the first cycle of screen-house experiment, amendment addition led to lower but similar ammonium nitrogen value, then in the control soil at 0 WAI (Fig. 4) values in all amended soil did not differ significantly in soil from Alabata. At the second cycle (Table 6) , amendment effect was significant at 4 WAI and 6 WAI. At 4 WAI, significantly lower NH 4 + -N was released from the control soil when compared with CMA, DGM, DPM, and GMA. A significant increase and decrease of 107 and 74% were observed in soil amended with CMA and PMA compared with their respective dried manures.
Dynamics of soil ammonium nitrogen
The concentration of ammonium nitrogen in soil changed over the weeks although a non-predictable or erratic pattern of release was recorded with increasing weeks since control, dried manures, manure ash and NPK had different pattern of release (Figs. 2, 3, 4) . The highest NH 4 + -N values in soil from Alabata was recorded at 0 WAI for all the amendment except DCM (Fig. 2) . NH 4 + -N increased to its peak at 2 WAI and, thereafter, it decreased across the weeks with DCM. As a result of CMA application, NH 4 -N was highest at 0 WAI, it reduced at 2 WAI and increased sharply at 4 WAI after which it decreases across the remaining weeks with the decrease being significant at 8 WAI. Similar response was observed with DGM. GMA released significantly higher NH 4 + -N at 0 WAI compared with the other weeks where NH 4 + -N decreases with increasing weeks. This was also similar to the sequence observed with DPM. Poultry manure ash amended soils had the highest NH 4 + -N at 0 WAI; it decreased at 2 WAI and increased across the weeks until a decrease occurred at 8 WAI although all the changes motivated by PMA were similar. Figure 3 shows the ammonium values of soil collected from Itori across the weeks. Generally, for control and amendments except PMA, the highest NH 4 + -N values were released at 0WAI. NPK released lower NH 4 + -N at 2, 4 and 6 WAI, with significantly lower NH 4 + -N at 6 WAI in comparison with 8 WAI. The incorporation of DPM produced the highest NH 4 + -N at 0 WAI with significant decrease at the following weeks. Dried manure of goat reduced NH 4 + -N at 2 WAI but increased it at 4 WAI after which NH 4 + -N reduced across the following weeks. Similar response was observed with GMA. NH 4 + -N reduced significantly across the weeks with the application of DCM and similar NH 4 + -N sequence was observed in the control. NPK incorporation to soil from Papalanto reduced NH 4 + -N across the weeks though decrease was only significant at 8 WAI relative to 0 and 2 WAI. DCM released significantly higher NH 4 + -N at 0 WAI when compared with other weeks. Similar response was observed with CMA. GMA increased NH 4 + -N at 6 WAI though erratic pattern was observed at preceding weeks; a significant decrease occurred at 8 WAI relative to 6 WAI. An erratic pattern of NH 4 -N release was also observed with the application of PMA. Table 6 shows the changes in the ammonium nitrogen of soil from Alabata and Papalanto in the second cycle of the screen-house; DCM increased soil NH 4 + -N across the weeks though significant increase was only recorded at 6 WAI. There was reduction in NH 4 + -N released across the weeks with the application of CMA; meanwhile, NH 4 + -N at 0 WAI was significantly higher than NH 4 + -N at 4 and 6 WAI in soil from Alabata while significant decrease was observed at 6 WAI in Papalanto. Similar response was observed with DGM. The lowest NH 4 + -N was released by PMA at 0 WAI, a similar but lower value was obtained at 4 WAI after which a sharp significant increase was observed at 6 WAI. NH 4 + -N increased across the weeks with the application of NPK though the values did not differ significantly.
An erratic pattern of release was observed with the application of PMA and the highest NH 4 + -N was recorded at 0 WAI in the field experiment even though changes across the weeks were not significant (Fig. 8) . DPM released significantly higher NH 4 + -N at 8WAI than NH 4 + -N at 2 and 6 WAI. A non-predictable pattern of release was observed across the weeks with GMA however; a significant increase only occurred at 4 WAI relative to 2 WAI.
Effect of amendment on soil nitrate nitrogen
The study showed that application of manure ashes increased the concentration of nitrate nitrogen in comparison with the control in incubation experiment. Generally, manure ash incorporation led to increases in nitrate nitrogen when compared with their dried manures although some of the increase did not significantly differ (Figs. 5 and 6). In soil collected from Alabata (Fig. 5) , application of amendments increased NO 3 -N at 0WAI, a significant increase of 254% was observed with PMA relative to control. Amendment effect was significant with the application of GMA at 2, 6 and 8 WAI; however, PMA and CMA did not differ from their dried manures but a significant increase in the amount of NO 3 − -N released was observed with GMA relative to DGM. The application of NPK to soil from Papalanto enhanced the release of NO 3 − -N significantly above other amendments. A significant increase of 198% was observed with NPK when compared to control. At 2 WAI, the highest NO 3 − -N observed in the control did not significantly differ from other amended soil except GMA amended soil. Manure ashes and dried manures except PMA had similar effect on the conversion of ammonium to nitrate at 4 WAI despite that the highest NO 3 − -N observed with PMA was 153% more than that released in control. The response of soil to amendment at 6 WAI was similar to that observed at 0WAI. At 8 WAI, amendment did not differ except with NPK and DCM. In field experiment, application of poultry manure ash encouraged significantly higher NO 3 − -N at 335% over the control soil at 0 WAI as shown in Fig. 8 . Manure ash increased NO 3 − -N than their dried manures but a significant increase was observed with PMA with value of NO 3 − -N of 224% higher than its dried manure. However, at 6 WAI, CMA recorded the highest NO 3 − -N at 59% higher than the control soil. It also increased NO 3 − -N by 750% in comparison to its dried manure. At 8 WAI, control soil had the highest NO 3 − -N that did not significantly differ with the application of amendment except DCM and GMA where the reduction of 365 and 379% was recorded. CMA increased NO 3 − -N at 209% of its dried manure. However, at 10 WAI, application of CMA increased NO 3 − -N than their dried manures. It also recorded the highest and lowest increase of 154 and 64% above DPM and control, respectively. Figure 5 shows that in soil from Alabata and Osiele, there was no significant difference in nitrate nitrogen released across the weeks with DCM. For the control, nitrate increased at 2 WAI and later decreased across the weeks with a significant reduction at 8 WAI. In the control soil from Osiele, an increase was recorded at 2 WAI relative 0 WAI but NO 3 − -N decreased after 2 WAI to 6 WAI and a significant increase was observed at 8 WAI. Application of CMA increased NO 3 − -N at 2 WAI while a reduction was observed at 4 and 6 WAI but a significant increase of 199% in NO 3 − -N was observed at 8 WAI. DGM released − -N at 0 and 8 WAI did not differ until after 6 WAI, where significantly higher NO 3 − -N was released in both soils despite that there was a decrease after 0 WAI. NO 3 − -N was similar across the weeks in control soil from Itori although the highest NO 3 − -N was observed at 8WAI as presented in Fig. 6 . For all the amendments, the highest NO 3 − -N was released at 8WAI. NO 3 − -N was lowest at 0 WAI and increased with increasing weeks for GMA and DPM. NO 3 − -N reduced at 2 WAI for PMA and NPK after which subsequent increase was recorded up to 8 WAI. The lowest NO 3 − -N was at 0WAI for DCM, CMA, and DGM, only that DCM decreased NO 3 − -N at 2 WAI with increases in subsequent weeks. For CMA, NO 3 − -N decreased at 2 WAI, increased at 4 WAI, decreased again at 6 WAI and finally increased significantly at 8 WAI. A non-predictable pattern was observed with DGM across the weeks with a final considerable increase at 8 WAI.
Dynamics of soil nitrate nitrogen
In the screen-house experiment (Fig. 7) , Application of DCM led to increase in NO 3 − -N up to 2 WAI after this NO 3 − -N decreased till 6 WAI. The lowest NO 3 − -N was recorded at 0 WAI with CMA, a significant increase occurred at 2 WAI and after 4 WAI, NO 3 − -N decreased across the weeks. Similar response was observed with DGM. Significantly higher NO 3 − -N was recorded at 4 WAI when compared with NO 3 − -N at preceeding and succeeding weeks with the application of GMA. A decrease in NO 3 − -N released across weeks was observed with the application of DPM as the highest NO 3 − -N was produced at 0 WAI. In the second cycle of screen-house experiment (Table 6) , soil from Alabata had the highest release of nitrate nitrogen at 4WAI; however, the incorporation of CMA allowed significant increase in NO 3 − -N across the weeks. The amount of NO 3 − -N released with PMA increased significantly at 4 WAI in comparison with 0 WAI while a considerable decrease occurred at 6 WAI. In soil collected from Papalanto, NO 3 -N was lowest at 0 WAI, with the application of DCM it increased significantly at 4 WAI after which an abrupt reduction was observed at 6 WAI. A decline was recorded in NO 3 − -N from 0 to 4 WAI, an abrupt significant increase occurred at 6 WAI with GMA. DPM encouraged significant increase in NO 3 − -N with increasing weeks. Nitrate nitrogen increased across the weeks as a result of PMA addition though increase was significant only at 6 WAI. The pattern of soil nitrate nitrogen during field experiment is shown in Fig. 8 . In the control soil, NO 3 − -N was significantly lower at 0 and 4 WAI, NO 3 − -N increased significantly across the weeks with the highest at 8 WAI. DCM application produced a considerable increase in NO 3 − -N at 2 WAI after which it decreased across the weeks. There was no significant difference in NO 3 − -N released by CMA across the weeks but the highest value was at 8 WAI. DGM significantly increased NO 3 − -N at 2 WAI in comparison to other weeks. Similar response was observed with NPK. There was no significant difference in NO 3 − -N at 0 to 8 WAI with PMA; the highest and lowest NO 3 − -N was observed at 8 and 10 WAI, respectively.
Discussion
The experimental soils were slightly acidic to slightly alkaline in pH and the highest pH value in soil from Itori could be due to its proximity to Ewekoro cement company and the consequent pollution with calcium dust (Azeez 2004) . Incineration of manure increased the pH, exchangeable cations, and carbon-nitrogen ratio. This is due to the burning off the non-nutrient part of the manure and the concentration of the nutrients in the manure when ashed. This supports the findings of Lal and Ghuman (1989) that the conversion of biomass to ash increased the levels of cations and other nutrient element. The pH of dried manures was strongly alkaline, while that of manure ashes was considered very strongly alkaline. This would enable mineralization and release of nutrients when they are applied to soil. Significantly, higher pH was observed in manure ashes in comparison to their dried manures as this could be attributed to the concentration of basic cations that contributed to increasing soil pH. Exchangeable cations were medium to high in the soils. The total organic carbon of the soils was observed to be very high. Even though the total nitrogen content of the soils were very high, this may not necessarily signify a high content of available nitrogen for plant uptake, especially if the organic N content of such soils is high. Soils from Alabata, Osiele, Itori and FUNAAB were loamy sand, while soil from Papalanto was sand (USDA 2010). There was a significant increase in calcium, magnesium, potassium and sodium content of manures after ashing. GMA is richer in sodium and potassium when compared to cattle and poultry manure ash. This supports the findings of Azeez and Van Averbeke (2010) that abundance of manure K is in the order of goat manure > poultry manure > cattle manure. However, poultry manure ash is richer than goat manure ash and cattle manure in terms of calcium and magnesium contents. This is as a result of calcium and magnesium salts that are specifically added to poultry diets for egg production (layers). No significant reduction in total organic carbon and nitrogen of manures after burning at 320-450 °C. The total nitrogen of manures did not significantly differ from that of manure ash; this shows that incineration of manure at this temperature did not lead to significant loss of nitrogen. This is in disagreement with the findings of Teppei et al. (2012) that C and N contained as organic compounds were incinerated and gasified as nitrogen and carbon dioxide. The nonconformity of this result to the results of Teppei et al. (2012) could be attributed to the difference in temperature of ashing since the dried or composted manures were incinerated at 700 °C in Teppei et al. (2012) . The highest total nitrogen of dried poultry manure reported in this study is in conformity with Azeez and Van Averbeke (2010) . The carbon-nitrogen ratio follows the order of goat manure ash > cattle manure ash > dried goat manure > dried cattle manure > dried poultry manure = poultry manure ash (data not shown). This implies that dried poultry manure and its ash is expected to mineralize faster than other ashes; nutrients will be released rapidly from dried poultry manure when compared with dried manures of goat and cattle. This supports the findings of Qiu et al. (2008) that poultry manure is expected to mineralize faster than cattle manure and least in goat manure. However, immobilization of nutrients is likely to occur in goat and cattle manures. Incorporation of amendments to soil increases the soil organic matter with a major component as organic carbon. Generally, amended soils recorded higher organic carbon when compared with the control soil. This conforms to the result of Ojeniyi (2000) who reported that increase in the level of soil organic carbon and organic matter was expected since organic manures have the ability of increasing soil organic matter content. It has also been reported that the contents of some major nutrients in the soil were slightly dependable on the level of organic matter (Adeniyan and Ojeniyi 2005) . Amendment effect on soil organic carbon was environment and soil type dependent according to the findings of this study. This is because the effect of manures and manure ashes was different relative to the type of environment; controlled environment (incubation and screen-house) and non-controlled environment (field). In the field experiment, only manure ash of poultry differed from its dried manure, the similarities between DGM, DCM and their ashes could be attributed to similar organic carbon content in these amendments allowing them to behave the same way in the field experiment. Dried manures and manure ash did not have residual effect since amendment effect was not significant at the second cycle of the experiment. The abrupt increase in the SOC after incorporation of NPK could be attributed to mineralization processes in the soils due to their native fertility and the presence of microbes. Organic carbon was least released from the amendments at 6 WAI while at 4 WAI more of it was released in most of the amendment. The probable reason for the high release of organic carbon at 4 WAI may be attributed to increase mineralization of organic matter at 4 WAI, thereby increasing SOC, which is a major component of organic matter. The inconsistency in dynamics of SOC may be due to the usage of organic carbon by microbial community as energy and food sources at the first week, thereby decreasing it at the succeeding weeks. In a similar study, it was reported that the proliferation of microbial population leads to competition and death of microbes; this was adduced as the major reason as for inconsistency in organic carbon changes with time (Azeez and Van Averbeke 2010) . The higher content of organic carbon release at 0 WAI may be because of enhanced organic manure and manure ash mineralization at the onset of incorporation. This is similar to the findings of (Sajal and Abul Kashem 2014) who reported that the highest amount of soil organic carbon at the beginning of incubation experiment was indicative of a larger pool of the less resistant fractions that were available to be broken down and recycled, thus, resulting in lower contents remaining at the end incubation. Mannivannan et al. (2009) and Gulser et al. (2010) also found that the addition of organic residues increases the soil organic carbon level initially and with the course of time organic carbon content decreases in soil up to a certain period.
This study confirms that in the incubation study, NH 4 + -N did not significantly differ as a result of dried manures and ashes addition to soil despite that increases were observed; this signifies that ammonification process is controlled not only by the characteristics of added material but also by the soil environmental condition including the microbial community. The rapid conversion of ammonium to nitrate through nitrification process could also be the rationale for the similar ammonium content of dried manure amended soil and ash amended soil. Additionally, it could also be because nutrients in the manure had not been equilibrated with the soil. Azeez and Van Averbeke (2010) reported that ammonium mineralized by the manures could be trapped by soil constituents or temporarily immobilized by soil microorganism, or further transformed into nitrate or lost as ammonia under favorable soil conditions. The increase in NH 4 + -N of amended soils is in line with the findings of Sajal and Abul Kashem (2014) that the application of organic manures produced higher amount of available NH 4 + -N in amended soils compared to control soil. Poultry manure ash had the smallest carbon:nitrogen ratio which enhanced mineralization process when compared to other amendments; this could have been the rationale for its ability to release higher NH 4 + -N than other amendments. The concentration of ammonium nitrogen in soil changed over the weeks although a non-predictable or erratic pattern of release was recorded with increasing weeks since control, dried manures, manure ash and NPK had different pattern of releasing ammonium. The increase at 0 WAI and subsequent decrease was similar to the findings of Duffera et al. (1999) who observed that the processed swine lagoon solids increased the concentrations of ammonium nitrogen and during the first week and by the second to fourth week after application, the ammonium nitrogen concentrations dropped. The increase in soil ammonium with the application of PMA after 2 WAI could be because poultry manure ash had most of its nitrogen in ammonium form and its lower C:N could have enhanced ammonification process after 2 WAI. David et al. (2009) reported the increase in ammonium content during the onset of composting period in which it is biologically transformed into NO 3 -N/NO 2 -N via nitrification. This study confirms that in screen-house experiment, ammonification process was higher than nitrification process since more ammonium nitrogen than nitrate nitrogen was recorded across the weeks. Uptake of available nitrogen by plant or immobilization of nitrate could be the reason for the lower nitrate nitrogen content in amended soils during screen-house experiment.
The findings in this study conform to Abassi et al. (2007) who reported that soil amended with organic manures accumulated significantly more nitrate than soil without organic manures. Biological process like immobilization in which microbial community use part of the available nitrate as energy source during the mineralization could be the reason for the non-significance in the nitrate nitrogen of soil amended with ash relative to soil amended with dried manures. The significant increase in NO 3 − -N under field condition may be attributed to the fact that NPK contained the available form of nitrogen as NO 3 − -N and the sharp increase at 2 WAI was because it was incorporated at 2 WAI. The low NO 3 − -N stimulated by NPK at subsequent weeks after could be attributed to leaching or uptake of available nitrogen. This is supported with the findings of Adeniyan et al. (2011) who reported that the nutrients released from NPK fertilizer were for a short period because leaching of nutrients may be higher in the soil treated with NPK fertilizer than the soil treated with organic manures.
In incubation study, nitrate nitrogen increased across the weeks for most of the amendments. Nitrification process was optimum at 8 WAI for all amendment and control while nitrification was lower at 0 WAI. Although in soil from Alabata and Itori, immobilization occurred at 4 WAI with the application of PMA and DGM while in soil from Osiele and Papalanto, immobilization occurred at 6WAI with the application of DCM and PMA. Changes in nitrate observed across the weeks were erratic in screen-house and field experiment; however, during screen-house experiment, the least amount of nitrate was released at the end of the experiment in both soils due to nitrogen losses either through immobilization or uptake.
Conclusion
Dried manures and manure ashes differ in their characteristics; incineration of dried manures led to increase in pH and concentration of nutrients especially exchangeable cations. Dried manures and manure ashes are comparable in terms of total organic carbon and total nitrogen content. Generally, the addition of amendment increased soil organic carbon, the effect of dried manures and manure ash on soil organic carbon is environment dependent, and the addition of amendment did not have residual effect on soil organic carbon. Ammonification and nitrification process was increased with the application of manure ash, especially PMA and the conversion of organic nitrogen to ammonium nitrogen is not only controlled by the characteristics of added material but also by the soil environmental condition. The release of nitrogen through nitrification process depends on the type of soil and amendment. Soil organic carbon and nitrogen availability release indices were not consistent with increasing time hence erratic. Nitrification is more pronounced under incubation and field conditions than ammonification process and vice versa was observed in screen-house experiment.
